String reveals secrets of universe 
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Stringy cosmology displays features that are different from standard cosmology. One may be 
surprised in that in this scenario there is no phase transition between the radiation dominated 
phase and matter dominated phase and the universe is cyclic similar to brane cyclic cosmology. 



Modern mathematical cosmology is based heavily on 
the Hawking- Penrose singularity theorem [1] which states 
that once collapse approaches a certain point, evolution 
to a singularity is unavoidable. Here the singularity 
denotes something similar to a shrinking point beyond 
which extending the spacetime is unattainable. The sin- 
gularity theorem indicates that there was a singularity at 
the beginning of our universe which is believed to have 
expanded now. In the standard cosmology, the expansion 
of the universe from a single point, namely Big Bang is 
assumed to have occurred at this singularity. 

We now consider phase transition which is assumed to 
have happened in the evolution of the universe around 
75,000 years after the Big Bang. Before going into de- 
tails of the phase transition in cosmology, we consider the 
water phase transition between the gas and liquid phases, 
which takes place at 100 degrees Celsius as the tempera- 
ture of the gaseous water cools down. When either above 
or below the critical temperature the water is either gas 
or liquid, and at the critical temperature water is in a 
gas-liquid mixture form. It is known that in the universe 
there exist two types of particles: massive particles such 
as electrons and massless ones such as photons, namely 
quanta of light. In obtaining the Hawking- Penrose singu- 
larity theorem, they have exploited the so-called strong 
energy condition. Assuming that the early universe was 
filled with a perfect fluid consisting of massive particles 
and/or massless particles and using the strong energy 
condition, one could find equations of state for each par- 
ticle. 

Specifically, the equation of state of the massive parti- 
cle is different from that of the massless particle, which 
indicates that the massive particle phase is not the same 
as the massless particle one. In the standard cosmol- 
ogy based on the Hawking-Penrose singularity theorem 
and inflationary scenario, it is believed that, after the 
Big Bang explosion, a massless particle (or radiation) 
dominated phase occurred followed by a massive particle 
(or matter) dominated one, even though there was a hot 
thermalization period of radiation and matter immedi- 
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ately after the Big Bang. Moreover, as in the phase tran- 
sition in water, a phase transition exists between massive 
particle and massless particle phases in the universe. 

In the above explanations of the Hawking-Penrose sin- 
gularity theorem and the ensuing standard cosmology, 
they assumed that massive and massless particles are 
point-like. Now let us discuss stringy cosmology which 
has been developed recently [2| and is based on the string 
theory Q . The string theory has given us a better under- 
standing of the universe and has provided an analytical 
tool for studying the nature of the universe. It was pro- 
posed in the string theory that massive and massless par- 
ticles in the universe can be described by vibrating strings 
instead of point particles. As in the standard (point par- 
ticle) cosmology, using the strong energy condition modi- 
fied by stringy corrections, one can find the stringy singu- 
larity theorem, which is similar to the Hawking-Penrose 
singularity theorem except for the fact that evolution to 
a singularity occurs at different spacetime (2{. 

Exploiting the stringy strong energy condition together 
with the assumption that the early universe was oc- 
cupied with a perfect fluid of massive stringy particles 
and/or massless stringy particles, one obtains equations 
of state for each stringy particle. Surprisingly, the mas- 
sive stringy particles and massless stringy particles pro- 
duce the same equation of state. This implies that both 
massive stringy particles and massless stringy particles 
are in the same phase and thus there is no phase transi- 
tion in the stringy universe [2| . Here, we emphasize that 
the equations of state obtained from the standard and 
stringy cosmologies govern the evolution of the universe, 
since these equations originate from the initial conditions 
of the (stringy) singularity theorems. Immediately after 
the Big Bang explosion, in the stringy cosmology, the 
massless stringy particle dominated phase and the mas- 
sive stringy particle dominated phase took place simul- 
taneously. In the stringy universe, a massless-massive 
stringy particle mixture state without any phase tran- 
sitions exists. These features in the stringy universe are 
drastically different from those in the standard point par- 
ticle cosmology. In fact, these differences originate from 
the lone fact that the particles are composed of strings 
instead of points. 

In the standard cosmology, after the radiation and 
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matter dominated phases a dark energy dominated phase 
exists. In this inflationary scenario, a sequence of epoches 
occurred: Big Bang, radiation dominated phase, matter 
dominated phase, and dark energy dominated phase. In 
brane cyclic cosmology, which is also based on the string 
(or D brane) theory, the universe is assumed to be cyclic 
in evolution: Big Bang, radiation dominated phase, mat- 
ter dominated phase, dark energy dominated phase, Big 
Crunch, and again Big Bang 4]. In the stringy cosmol- 
ogy, however, the dark energy dominated phase still re- 
mains an open problem and could be properly adopted. 
Moreover, both in the standard and stringy cosmologies 
exploiting the (stringy) singularity theorems, there ex- 
ists an initial state with a negative expansion rate and 
the ensuing evolution to the singularity. This phenom- 
ena can be interpreted as the Big Crunch, even though in 
the standard cosmology the Big Crunch is excluded. One 
can thus claim that the stringy cosmology is also cyclic, 
similar to the brane cyclic cosmology, but modified: Big 
Bang, radiation-matter mixture phase, dark energy dom- 
inated phase, Big Crunch, and again Big Bang, which is 
consistent with the fact that both the stringy and brane 
cyclic cosmologies have the same characteristics in that 
these scenarios use the string features. 

It is known that protons and neutrons consist of par- 



ticle constituents: massless gluons and massive quarks. 
Recently, the Large Hadron Collider (LHC) has been 
built at the European Organization for Nuclear Research 
(CERN) near Geneva, Switzerland. In particular, the 
Alice detector of the LHC is scheduled to detect the so- 
called quark-gluon plasma state, which is assumed to 
exist in an extremely hot soup of quarks and gluons. 
Both in the standard and stringy cosmologies, this quark- 
gluon plasma state is supposed to occur immediately af- 
ter the Big Bang of the tiny early universe manufactured 
in the LHC. However, there are drastically different en- 
suing processes in these two scenarios. Namely, in the 
standard cosmology, the quark-gluon plasma state can 
exist shortly and disappear eventually to enter the radi- 
ation dominated phase, while in the stringy cosmology 
the quark-gluon plasma state can develop into particles 
such as protons and neutrons and sustain the radiation 
and matter mixture phase. We recall that as far as radi- 
ation and matter are concerned, the mixture of these two 
coexist in the present universe. It is expected that the Al- 
ice will be able to detect the procedure of particle states 
along with the evolution of the tiny universe planned to 
occur at the LHC and it will be able to determine which 
cosmology is viable. 
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